ABSTRACT. The article focuses on the problem of interdependences among Central European capital markets. The main aim of this research is to identify longterm interdependences among Austrian, Czech, Hungarian and Polish capital markets and the market of Germany. Additionally, the impact of short-term shocks on these markets is under evaluation. In the first step of the research the interdependencies among the capital markets in the years 1997-2015 were verified. For this purpose the DCC-GARCH model with the conditional t-distribution was used. In the second step, an analysis of cointegration for the interdependencies among the markets was carried out. The authors proposed to include conditional variances of the analysed markets as additional explanatory variables in the cointegration analysis. As the conditional variance most often reflects the impact of short-term shocks, the proposed approach allowed to take into account shortterm market shocks in the cointegration analysis. The results enabled to identify long-term path for the course of the interdependences among markets of Germany, Austria, Czech Republic, Hungary and Poland. The mentioned Central European capital markets make a group of markets characterized with similar long-term path, which are focused around the dominant market of Germany.
Introduction
Globalisation phenomenon and changes in the main development determinants of industrialised countries lead to growing interdependencies among economies (Balcerzak, 2009 (Balcerzak, , 2016a Janda et al., 2013; Pohulak-Żołędowska, 2016; Kondratiuk-Nierodzińska, 2016; Pietrzak and Balcerzak, 2016a; Pietrzak, 2016a, 2017) . That factor can be especially significant in the case of capital markets Osińska et al., 2016) . Last global financial crisis has proved the growing influence of "financisation" of economy on the situation on labour markets (Glazar and Strielkowski, Michał Bernard Pietrzak, Marcin Fałdziński, Adam P. Balcerzak, Tomáš Meluzín, Marek Zinecker Müller-Frączek and Pietrzak, 2011; Pietrzak and Balcerzak, 2016b) , macroeconomic fiscal stability (Hadaś-Dyduch, 2015; Miklaszewicz, 2016; Majerová, 2016; Lajtkepová, 2016; Balcerzak, 2016b; and sustainability of whole economies (Pietrzak et al., 2014; Pietrzak and Balcerzak, 2016c; Balcerzak and Pietrzak, 2016b) . As a result, identification of international linkages among markets and analysis of their variability over time is the condition for effective management of risk associated to potential negative influence of global capital markets (Arshanapalli et al., 1995; Andersen et al., 1999; Baur, 2003; Pericoli and Sbracia, 2003; Engle, 2009; Billio and Caporin, 2010; Syllignakis and Kouretas, 2011; Baek and Jun, 2011; Karanasos et al., 2014; Reboredo et al., 2015; Heryán and Ziegelbauer, 2016; Gawrońska-Nowak and Grabowski, 2016) . It is of great importance both for policy makers at macroeconomic level and managers operating in international environment from microeconomic perspective. As a result, in spite of relatively big supply of research on this subject, the identification of linkages among markets, analysis of changes in the strength of these dependencies must be considered as an important field of scientific research (Forbes and Rigobon, 2002; Corsetti et al., 2005) .
The main aim of this article is to analyse interdependences among Austrian, Czech, Hungarian and Polish capital markets and the market of Germany. The analysis is carried out both in terms of the impact of short-term shocks and long-term path of these markets. Two hypotheses are proposed in the article. The first one states that there is a similar formation process of long term interdependencies among German and pointed Central European capital markets. According to the second hypothesis it is assumed that volatility of individual capital markets significantly affects the changes of strength of the interdependencies among analysed markets.
The article is a continuation and further development of previous research efforts of the authors (Fałdziński and Pietrzak, 2015; Fałdziński et al., 2016; Zinecker et al., 2016; . In this article in order to measure relationships among markets conditional correlations calculated on the basis of the results of estimation of parameters of ARMA(p, q)-APARCH(1,1)-DCC model were used. To verify the hypotheses of the article cointegration analysis for the conditional correlations among selected markets on the basis of VECM model was performed. In the case of specification of VECM model authors have proposed a novel approach in the form of adding the conditional variances for the capital markets as an additional explanatory variable. The inclusion of the variances in the VECM model allowed to assess the impact of short-term shocks on the change of the strength of interdependencies among the analysed capital markets.
Literature Review
As it has been already stated in the introduction, last global financial crisis with the problem of contagion effect was an important factor that has resulted in growing interests in potential consequences of interdependencies among financial markets. The research in that field usually takes a global perspective, where the econometric models are applied to analysis of wide set of international stock indices, or it has regional character from the perspective of world economy, where the main attention is given to interdependencies among markets from a group of countries with similar fundamental characteristics.
Starting with the global perspective one can paint to a research provided by Lupu (2015) who concentrated on the problem of contagion during the global financial crisis. The research was based on the narrow definition of contagion, where a considerable increase in stock market comovement is treated as a response to a shock affecting a given country. The research was conducted for 49 stock indices in the years 2000-2015, where the daily correlations for a time lapse 2000-2015 were obtained with application DCC GARCH model. This enabled to analyse the changes in the values of the obtained correlations with a Markov switching model with two states. The research provided an argument in favour of the contagion phenomenon on the national capital markets. Avdoulas et al. (2016) provide an interesting research concerning a specific group of Eurozone peripheral countries (Portugal, Ireland, Italy, Greece and Spain), which were especially touched by the negative consequences of the global financial crisis. The authors assessed the presence of linear and nonlinear dynamic causal relations among the stock markets. They showed that the linear causal linkages for the return time series tend to disappear after filtering. On the other hand, nonlinear causal relationships are statistically significant for all cases even after multivariate GARCH filtering. The results could be useful in assessing the extent of financial or banking integration in the Eurozone and could explain a significant part of the(non)predictability of these markets.
Deltuvaite (2016) took into consideration the problem of the spillover effect from the major stock markets on the 11 CEECs countries (Bulgaria, Czech Republic, Croatia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia). In the research there were also analysed types of shocks causing the cross-border contagion risk transmission to the CEECs markets. In the research DCC-GARCH model was used. The highest degree of global and regional integration of the stock indices was observed in Polish, Czech and Hungarian markets, which was interpreted as a consequence of relatively higher development level of these markets comparing to other mentioned CEECs. Additionally, the collapse of Lehman Brothers bank was pointed as the most significant shock transmitted to CEECs stock markets.
The problem of the impact of the sovereign debt crisis on three Central and Eastern European markets (Czech Republic, Hungary, and Poland) was analysed by Bein and Tuna (2015) , who also applied DCC GARCH model framework. They concentrated on the volatility transmission and conditional correlation changes in the aftermath of the European crisis against the backdrop of GIPSI countries (Greece, Ireland, Portugal, Spain and Italy) as the group that have experienced substantial decline in their equity markets. To compare the conditional correlation and account for indirect transmission, United Kingdom, Germany, and France (EU 3), were also taken into account. The research showed a significant spillover effect from the GIPSI and EU 3 to the three CEE. Greek market was an exception in this case. In the group of CEE the stock market of Poland has shown a significantly higher level of weighted average conditional correlation as compared to Hungary and the Czech Republic. Dajcman (2012) verified the comovement and spillover dynamics between the returns of the Czech, Polish, Hungarian and Slovenian stock indices, and some developed European markets (Austrian, French, German, and United Kingdom). He used DCC GARCH model and Granger causality tests on wavelet transformed returns series for the period April 1997-May 2010. The research especially concentrated on the problem of influence of the financial crises and the accession of the Czech Republic to the EU on the comovement between the Czech and European stock markets. The analysis confirmed the comovement between the Czech and other stock market returns was time-varying. Additionally, the author showed a significant return spillovers between the Czech and European markets, which should be considered as a multiscale phenomenon.
The problem of interdependencies among financial markets is also often analysed within the cointegration framework. Kostanjcar et al. (2014) verified the dynamic linkages between the developed equity markets of USA, Japan and Britain and the emerging markets of South-East Europe: Croatia, Slovenia and Hungary. In the article differences between the interdependences during the period of the dot-com bubble and during the time of last financial crisis were taken into consideration. The long-run relationships between indices were analyzed with the Johansen cointegration test. Then, both the short-term and long-term movements in equity markets with a VECM model were verified. Finally, the causality 64 between the series was tested with the Granger causality test. The analysis confirmed that the South-East Europe equity markets have become more integrated with the most important markets of the world, which affects negatively their potential for risk diversification. Dukic and Dukic (2015) analysed interdependencies of stock indexes in Southeastern European countries: Slovenia, Croatia, Serbia, Montenegro, Republic of Srpska, Macedonia and Bulgaria. The context of the research was related to a dilemma of banking institutions concerning the possibilities to buy back the shares so as to slow down the share price decrease on the markets. The authors prove that in the case of analysed shallow capital markets, it is not possible to successfully use the share buyback to stop or reduce the share price fall.
The problem of diversification benefits in the context of integration of South-Eastern European markets (SEE): Bulgaria, Croatia, Romania, Slovenia and Turkey with developed markets of Germany, United Kingdom and the USA was taken into consideration by Guidi and Ugur (2014) . They used static and dynamic cointegration analysis. The static approach showed that the SEE markets are cointegrated with the German and the UK markets in the years 2000-2013, but not with the USA market. Additionally, the dynamic analysis showed the existence of time-varying cointegration among the SEE and the developed markets. The researchers confirmed the diversification benefits from September 2007 to June 2013 despite evidence of dynamic cointegration during most of the crisis period from September 2008 to May 2010.
In the next section of the article the methodology proposed for research on the interdependences among Austrian, Czech, Hungarian and Polish capital markets, and the market of Germany is presented, where for specification of VECM model authors have proposed to add the conditional variances for the capital markets as an additional explanatory variable.
Research Methodology
DCC-GARCH model enables to analyse interdependences among markets by estimating the time-varying conditional correlation. Due to two-stage estimation method proposed by Engle (2002 Engle ( , 2009 ) the DCC-GARCH model enables to apply other specifications of the GARCH family models. This factor is currently often considered as it main advantage.
The ARMA(p,q)-APARCH(1,1)-DCC model (Dinget al., 1993) with conditional tdistribution can be given as follow:
(1 a b a b Parameters of the ARMA(p,q)-APARCH(1,1)-DCC model can be estimated with application of the maximum likelihood method. Similar to the DCC-GARCH model, the twostage estimation method can be applied (Engle, 2002 (Engle, , 2009 ). The log-likelihood function for t-distribution can be written as follow:
Estimation of parameters of ARMA(p,q)-APARCH(1,1)-DCC model enables to determine the conditional variances and conditional correlations for the pairs of analysed indices. In the next step the analysis of cointegration can be made and VECM model (Vector Error Correction Model) can be proposed (Engle and Granger, 1987; Boswijk and Doornik, 2004) . The cointegration analysis allows to test whether any interrelations among analyzed markets form a specific formal system of linkages and how this system is formed.
VECM model is a VAR model for cointegrated processes. Let's assume p rank VAR model with deterministic component di, which can be written as follow: 
where:
The rank "r" of a matrix  determines the interpretation of the model given with equation 9. When it equals N, the process I , but it is not cointegrated. There is a cointegration when the rank r is between 0 < r < N and the matrix  can be written as '  . Matrix  is a matrix of adjustments matrix and  is a cointegrating vector .
To test cointegration the existence of  matrix is verified and then the rank r of matrix  is calculated. The number of cointegrating vectors can be determined through checking the statistical significance of characteristic roots of matrix  . The rank of matrix  equals the number of characteristic roots, which are different from zero. In the absence of cointegrating vector the rank of the matrix  and all the characteristic roots are equal to zero.
In order to determine the number of cointegrating vectors Johansen (1988 Johansen ( , 1991 Johansen ( , 1995 procedure can be conducted, where a maximum eigenvalue test and trace test are used. The described procedure is an iterative process and it is applied until the rejection of the null hypothesis. In the first step of the procedure the null hypothesis that there is no cointegrating vector is adopted (lack of cointegration (r = 0), against the alternative that there is at least one such vector (r > 0). In the case of rejection of the null hypothesis, the following assumptions are made successively: (H0 : r = 1, H1 : r > 1), (H0 : r = 2, H1 : r > 2) which in the next steps results in successive increasing of r .The testing procedure ends in the case of the absence of evidence that enable to reject the null hypothesis. The max-eigenvalue test statistics is characterized with nonstandard distribution, where the critical values can be found in the work of Osterwald-Lenum (1992) . The trace test can be used in an analogous manner to the max-eigenvalue test (Johansen, 1995) .
It is possible to conduct the analysis of cointegration of conditional correlations received from ARMA(p,q)-APARCH(1,1)-DCC. Therefore, the following long term equation for the conditional correlation can be written:
... HH for the analysed capital markets as additional explanatory variables. The values of the conditional variances are obtained in the process of estimation of parameters of GARCH volatility models. This approach can be justified because the spill over or contagion effects of increased (decreased) volatility in one market often involve increasing volatility and interdependencies among other markets. In the case of cointegration analysis the proposed approach allows to take into account short-term market shocks whose impact is most often reflected in the course of the conditional variance.
Results of empirical research for Central European capital markets
In regard to the aim of the article in the proposed empirical research time series for five stock indices (ATX, BUX, PX 50, WIG and DAX) were used. For each of the indexes daily rate of return were calculated from 1 July 1997 to 30 September 2015. It gave a total of 4592 observations. The data was obtained from: http://www.finance.yahoo.com.
In Source: own estimation based on time series form: http://www.finance.yahoo.com.
After estimation of the parameters of the model ARMA(1,0)-APARCH(1,1)-DCC values of conditional correlations for the next pair of indices were calculated. The correlations for a particular pair of indices indicate the strength of the interrelationships among the two capital markets. They also show upward or downward trends of these interrelationships over time. In accordance with the aim of the article, the conditional correlations were used in the cointegration analysis. In a further step an analysis of cointegration of conditional correlations obtained from the ARMA(1,0)-APARCH(1,1)-DCC model was conducted. For this purpose, firstly the time series of conditional correlations were tested for stationarity with application of PhillipsPerron test (Phillips and Perron, 1988) . All the time series of the conditional correlations were integrated of order 1.
Next, the Johansen procedure was applied, which enabled to test the number of cointegrating relationships. Table 2 presents the results of the test for the number of cointegrating vectors (MacKinnon et al., 1999) .The result of the max-eigenvalue test and the trace test indicate one cointegrating vector. In the last step of the analysis estimation of parameters of short-term equation given with formula 12 was conducted. The results are presented in Table 3 , where estimations of parameters and t-statistics for the four equations are given. The parameters for the variable is statistically insignificant. This may indicate that German capital market is not the only one that influences the situation on Polish capital market in terms of short-term deviations. are not statistically significant in the short-term equation. This means that the delayed first differences of conditional correlations are not able to describe short-term interdependences adequately. This confirms the validity of the adoption of conditional variances as an additional explanatory variable for the analysed capital markets in short-term equation 12.
Additionally, impulse response analysis was performed. The results are presented on Figure 2 . An impulse in the case of conditional correlation has a visible positive effect in the case of the same pair of capital markets (eg. DAX-BUX) and a small effect in the case of different pairs. The only exception is a pair DAX-WIG, for which it has a significant positive impact on other pairs of conditional correlations. This means that changes in the conditional correlation for a pair DAX-WIG lead to changes in the conditional correlations among the capital markets of Germany and other markets under evaluation. The impulse response analysis confirms the conclusions that have been drawn on the basis of estimates of short-term equation. 
Conclusions
The article concentrated on the problem of interrelationships among capital markets, whose strength and importance are constantly increasing due to the globalization phenomenon. As a result, the identification of inter-linkages among markets is currently an important scientific problem in economics. Research in this filed can be helpful in forming strategies for potential crisis situations.
The aim of the article was to analyse the interdependencies among selected Central European capital markets. In order to verify the research hypotheses cointegration analysis for the conditional correlations among German, Austrian, Polish, Czech and Hungarian markets was performed. In the cointegration analysis the authors proposed a novel approach, where the conditional variances as additional explanatory variables were included in the VECM model. The proposed method enabled to capture the impact of short-term market shocks on the development of interdependences among the analysed markets.
The obtained results allow to identify the long-term path for the course of interdependences among the capital markets of Germany, Austria, Poland, Czech and Hungary. This means verifying the research hypothesis that pointed at the occurrence of similar developments in the evolution of interrelationships among German capital market and the markets of other countries in Central Europe.
The results of the estimation of specification of the expanded VECM model enabled to verify second hypothesis. In the case of Germany, Austria and Poland it was shown that the variability of these capital markets has a significant impact on the development of interdependences among the studied markets.
The conducted research results indicate that capital markets of Germany, Poland, Austria, Czech Republic and Hungary experienced similar developments in the observed period and that German capital market played the dominant role within the whole region.
